The coevolution between hosts and pathogens generates strong selection pressures to maintain resistance and infectivity, respectively. Genomes of plant pathogens often encode major effect loci for the ability to successfully infect a specific host. Hence, heterogeneity in the host genotypes and abiotic factors leads to locally adapted pathogen populations. However, the genetic basis of local adaptation is poorly understood. We analyzed global field populations of Rhynchosporium commune, the pathogen causing barley scald disease, to identify candidate genes for local adaptation. Whole genome sequencing data generated for 125 isolates showed that the pathogen is subdivided into three genetic clusters associated with distinct geographic and climatic regions. Using haplotype-based selection scans applied independently to each genetic cluster, we found strong evidence for selective sweeps throughout the genome. Comparisons of loci under selection among clusters revealed little overlap, suggesting that ecological differences associated with each cluster led to variable selection regimes. The strongest signals of selection were found predominantly in the two clusters composed of isolates from Central Europe and Ethiopia. The strongest selective sweep regions encoded proteins with functions related to both biotic and abiotic stresses. We found that selective sweep regions were enriched in genes encoding functions in cellular localization, protein transport activity, and DNA damage responses. In contrast to the prevailing view that a small number of gene-for-gene interactions govern plant pathogen evolution, our analyses suggest that the evolutionary trajectory is largely determined by spatially heterogeneous biotic and abiotic selection pressures. 20 metapopulations, where the major factor shaping the extent of local adaptation was likely the rate of 21 pathogen dispersal among host populations. A similar observation was reported earlier by Thrall et al 22 (2002) in a study between the host Linum marginale and the fungal pathogen Melampsora lini. In the 23 Colletotricum lindemuthianum -Phaseolus vulgaris pathosystem, the pathogen was shown to have 24 weaker levels of population differentiation than its host, which likely contributed to local adaptation 25 of pathogen populations (Sicard et al. 1997; 2007; Cattan-Toupance et al. 1998). Local adaptation is
). The rationale for this method is that the increase in 80 frequency of a beneficial mutation will occur too quickly for recombination to homogenize its genetic 81 background. Hence, a positively selected allele will be embedded in a less common and longer stretch 82 of homogenous chromosomal sequence compared to neutral loci residing in more common and 83 shorter haplotypes. Analyses of EHH are particularly suited to detection of soft (i.e. incomplete) 6 selective sweeps (Voight et al. 2006 ). An extension to within-population EHH analyses is the cross-85 population extended haplotype homozygosity (XP-EHH), which is a more powerful method to detect 86 nearly fixed selective sweeps because it compares haplotypes in a pair of populations (Sabeti et al. 
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For GATK, SNPs were called using the tools HaplotypeCaller and GenotypeGVCF. The maximum 150 number of alternative alleles was set to two with a minimum phred-scaled quality score of 500. In 151 addition, SNPs were selected if they matched the following criteria: 2 < BaseQualityRankSumTest < - SNPs that were polymorphic within the genetic cluster. Significant SNPs were defined by selecting 212 the top 0.05% of |iHS| for cluster 1 and 3, and top 0.01% of |iHS| for the large cluster 2. For the XP-213 EHH analyses, we performed the test using all SNPs which were genotyped in at least 90% of isolates 214 within each of the genetic clusters. SNPs were only retained if the ancestral allele was assigned (see 215 above). The XP-EHH analyses were performed on pairwise comparisons of cluster 1 and cluster 3 216 against cluster 2 as the reference population unless stated otherwise. Significant SNPs were selected 217 from the top 0.05% of |XP-EHH| for all clusters. We used default options for all analyses. However, 218 we set the maxgap option to 20,000 whenever calc_ehh, calc_ehhs, or scan_hh was used. In addition 219 to that, the threshold of missing data for haplotypes and SNPs was set to 90%. 220 221 Significant SNPs identified from either of the two selection scan methods and located on the same 222 scaffold were grouped using a hierarchical clustering approach. If the distance between significant 223 SNPs was below 50,000 bp, the SNPs were grouped into a single region under selection. Then, the 224 extent of the region under selection was further refined by computing the extended haplotype 
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We screened for loci that experienced recent positive selection using EHH-based statistics. These 277 statistics contrast the frequency of a haplotype to its relative EHH (defined from a core ancestral or 278 derived allele). For all analyses, we used only SNP markers, for which the ancestral state could be 13 assigned. First, we calculated the iHS statistics that compares the area under the EHH curve of the 280 ancestral and derived alleles from the core allele. Performing the analyses separately for each genetic 281 cluster, we identified a total of 39 genomic regions with signatures of selection across 27 scaffolds 282 ( Figure 2 , Supplementary Table 2 ). The length of regions under selection ranged from 1,851 to 283 721,862 bp and contained 2 to 224 genes (Supplementary Table 2 ). We found that all regions under 284 selection identified by iHS were each unique to an individual cluster. The highest percentage of 285 identified loci were found in cluster 2 (46%), followed by cluster 3 (44%) and cluster 1 (10%).
287
To identify candidate genes under strong selection, we focused on the three most significant SNPs 288 identified by iHS in clusters 2 and 3, whereas we focused on the two most significant SNPs in cluster 289 1, which generally showed lower levels of significance. We found a total of 12 candidate genes that 290 were located within 5,000 bp of the most significant SNPs (Table 1) . For cluster 1, we found two 291 predicted candidate genes on scaffold 2, including the gene RCO7_04421 encoding a glucose- Supplementary Table 2 ). Fifty-309 two percent of these selective sweeps were identified in cluster 3 while the remaining were shared 310 evenly between cluster 1 and cluster 2. Interestingly, the selection targets on scaffold 1 (616,499-311 1,059,480 bp) and scaffold 9 (159,071-349,486 bp) were identified in two different pairwise 312 comparisons (Figure 3 , Supplementary table 2 ). In addition to that, a selection sweep on scaffold 2 313 (589,559-926,564 bp) was identified in cluster 1 and cluster 3 when XP-EHH was performed using 314 cluster 2 as the reference cluster. Four of these selection sweeps (scaffold 1: 961,484-984,586 bp, 315 scaffold 3: 623,832-625,683 bp, scaffold 12: 1,753,708-1,809,408 bp and scaffold 20: 533,694-316 710,548 bp) overlapped with selective sweeps identified using iHS. However, each of these selective 317 sweeps were detected in different genetic clusters than the sweeps identified by iHS.
319
We focused on genes located in selective sweep regions identified both by XP-EHH and iHS 320 analyses. We found a total of 10 genes that were located within 5,000 bp of the most significant SNPs 321 identified by both XP-EHH and iHS analyses ( Table 2 ). The two genes identified on scaffold 1 were 322 RCO7_01116, encoding a phthalate 4,5-dioxygenase oxygenase reductase subunit involved in the 323 degradation of xenobiotics, and an unknown protein encoded by RCO7_01117. We identified a 324 ubiquitin-conjugating enzyme E2 encoded by RCO7_02480 and a MON2 protein encoded by 325 RCO7_02479 on scaffold 3. MON2 plays an important role in endomembrane trafficking and Golgi 326 homeostasis. We identified the RCO7_02696 gene on scaffold 12 that encodes a mediator complex 327 subunit 7 (MED7) protein involved in the transcriptional regulation of nearly all RNA polymerase II-328 dependent genes. In addition to that, we identified RCO7_02697, which encodes a type 2 329 phosphatidic acid phosphatase (PAP2) gene important for lipid metabolism and signaling.
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In order to identify additional candidate genes for local adaptation, we focused on selective sweep 332 regions identified by two sets of cross-population tests. We found the gene RCO7_01132 located on 333 scaffold 1 under positive selection in cluster 1 (using the cluster pairs 2-1 and 1-3 for XP-EHH 15 analyses). This gene codes for a guanine nucleotide binding protein (G-protein) alpha chain, which 335 plays an important role in various signaling systems. However, the two most significant SNPs 336 identified on scaffold 9 in cluster 3 were not in proximity to any known gene. Using cluster 2 as the 337 reference cluster, the strongest signal of a selective sweep was found in a large intergenic region.
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Using cluster 1 as the reference cluster, we identified RCO7_06601 encoding a Cu/Zn superoxide 339 dismutase located 1,758 bp away from the top significant SNP. Cu/Zn superoxide dismutases play a 340 role in protecting cells from damage caused by oxygen-mediated free radicals. Finally, we found two 341 candidate genes on scaffold 2 shared by clusters 1 and 3 (when compared against cluster 2). The first 
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The emergence of plant pathogens in agricultural ecosystems is a primary concern to ensure food 510 security. The evolutionary processes through which plant pathogens rapidly overcome resistance in 511 host plants or become resistant to fungicides provide illuminating case studies for the rapid evolution 512 of complex traits. Our study showed that selection pressures operating across the distribution range of 513 a globally distributed pathogen are likely to vary extensively. We found that the loci under recent 514 positive selection encoded a multitude of functions related to abiotic and biotic stress factors. We 515 found no evidence that selection imposed by the barley host played a dominant role in shaping recent 516 selection pressures. This is surprising given the fact that many pathogen populations are known to Enriched GO terms related to biological process (BP) are shown for analyses of the integrated haplotype score (|iHS|) and cross-population extended haplotype homozygosity (XP-EHH). Loci were combined for all individual analyses of the three genetic clusters. GO terms were simplified using REVIGO prior to enrichment analyses and only significantly enriched terms p < 0.01 are shown. 
